BACKGROUND It is widely accepted that edema occurs early in the ischemic zone and persists in stable form for at
T issue characterization after myocardial ischemia/reperfusion (I/R) is of great scientific and clinical value. After myocardial I/R, there is an intense edematous reaction (due to abnormal fluid accumulation in the interstitial and/or cardiomyocyte compartments) in the post-ischemic myocardium (1) (2) (3) (4) (5) . Cardiac magnetic resonance (CMR) is a noninvasive technique that allows accurate tissue characterization of the myocardium (6) . In particular, T2-weighted (T2W) and T2-mapping CMR sequences have the potential to identify tissues with high water content (7) . Few experimental studies have correlated post-I/R T2-CMR data with myocardial water content (2, 8) , and these validations were undertaken at different times after reperfusion.
Many recent experimental and clinical studies have used these CMR sequences to retrospectively evaluate post-myocardial infarction edema on the basis of the assumptions that myocardial edema appears early after I/R, persists in a stable form for at least 1 week (9,10), and is accurately visualized by CMR.
However, the time chosen for the CMR examination varies significantly among studies, from 1 day (9, 10) up to several weeks (9-16) after reperfusion. In addition, post-I/R T2W signal intensity and T2 relaxation time are affected by other factors besides water content: T2-CMR results can be modulated independently by hemorrhage (17, 18) , microvascular obstruction (19) , and even cardioprotective therapies (20) (21) (22) . There is, therefore, intense debate about the accuracy of CMR-based methods for detecting, quantifying, and tracking the post-infarction edematous reaction (7, 23) . Given the growing use of CMR technology to quantify post-I/R edema in clinical trials (24, 25) , a comprehensive characterization of the time course of post-I/R myocardial edema, including evaluation of both CMR and histological reference standards, is needed (22) (23) (24) (26) (27) (28) .
The present study aimed to comprehensively characterize myocardial edema and reperfusionrelated tissue changes after I/R, covering from early to late reperfusion stages. For this, we performed a full CMR and histopathological study in a large animal (pig) model of I/R. The study population comprised 5 groups of pigs (n ¼ 5/group) used to characterize myocardial edema during the first week after ischemia/ reperfusion. Cardiac magnetic resonance (CMR) scans, including T2-weighted short-tau inversion recovery and T2-mapping sequences, were performed at every follow-up until sacrifice (i.e., animals sacrificed on day 7 underwent baseline, 120-min, 24-h, day 4, and day 7 CMR).
METHODS
Fernández-Jiménez et al. Fernández-Jiménez et al. Values are mean AE SD. All pairwise comparisons for pooled serial T2 relaxation times were explored, adjusting p values for multiple comparisons using the Holm-Bonferroni correction. Comparisons between different time points in the ischemic myocardium remained statistically significant with the exception of the following: baseline vs. R-24 h, and R-120 min vs. R-day 7. Bold values are those that were compared and are also represented in Figure 2A . Abbreviations as in Table 1 .
Fernández-Jiménez et al. Serial CMR scans reveal highly consistent bimodal changes in image-determined myocardial edema during the first week after I/R, both in T2-weighted short-tau inversion recovery (T2W-STIR) imaging (A) and T2 mapping (B). Images from 8 pigs at different time points are shown. All T2 maps were scaled between 30 and 120 ms.
Abbreviations as in Figure 2 . The development of myocardial edema is a well known phenomenon occurring after ischemia/reperfusion (myocardial infarction). This edematous reaction was long assumed to be stable for at least 1 week, but the post-ischemia/reperfusion phase was not previously tracked in a comprehensive serial study. In the present study, analysis of advanced cardiac magnetic resonance and histopathology showed that post-ischemia/reperfusion edema is bimodal. An initial wave of edema abruptly appears upon reperfusion and almost completely disappears at 24 h. A deferred wave appears later and increases progressively until day 7. STIR ¼ short-tau inversion recovery.
Fernández-Jiménez et al. Myocardial edema that develops after acute infarction is a bimodal phenomenon with diagnostic, prognostic, and therapeutic implications.
TRANSLATIONAL OUTLOOK: Temporal variation in post-ischemic reperfusion edema should be considered in studies of cardiac magnetic resonance imaging for quantification of jeopardized myocardium.
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